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c 
SCOPE 

The o b j e c t ~ v e  of  this technical memorandum is to describe the impacts of metals on 
drmhng water quahty in Standley Lake Concerns lnclude those for specific adverse 

health impacts and nuisance problems. 

The m a n  body o f  the text presents the data from the study and develops a conceptual 

framework for evaluating existing and future observations of metal trends in Standley 

Lake Recommendations and a summary of observations are presented rn the 

Conclusions at the end of the test A glossary of less commonly used technical terms 

is provided as an appendix 

/ 

INTRODUCTION 

Metals in drinlung water quality are presented regulated by the USEPA under two 

classifications in accordance with the types of concerns pnmary drinhng water 

standards that are for metals of concern from a specific health standpoint and 

secondary drinking water standards for metals of concern because of aesthetic 

impacts This study assesses the potential for health impacts in Standley Lake through 

monitoring of the eight metals included in the primary drinhng water standards 

arsenic, barium, cadmium, chromium, lead, mercury, selenium, and sllver Four 
metals are included in the secondary drinking water standards iron, manganese, 

copper, and zinc Of these, iron and manganese are commonly involved in nuisance 

problems (staining, color, and turbidity) in water supplies As a consequence, a 

substantial data base has already been developed for iron and manganese levels in 

Standley Lake, and these two metals were also assessed in the study 
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CHEMISTRY OF METALS IN AQUA'IX SYSTEMS 

General 

Metals are chemically defined as a broad class of elements which act as electron plur 
acceptors ur chemical reactions. To a large extent, the fate of metals is determined 

by properties whch are specific to each metal Principle aqueous species of the eight 

metals included in the pnmary drhkhg water standards me listed in Table 1 Of 
these, barium is an alkahne earth metal and does not exbibit a pattern slmUar to the 

other metals. It is generally present as a mmple divaleat caticm (+IC oxldatiod which 

does not form an axmy of hydroxrde or o s d e  species over the pH range normdy 

encountered in water It can react with carbonates and sulfates to form precipitates 

Arsenic and selenium fall M a borderline category of elements whch have properties 

between metallic and non-metalhc elements, and generally are found as oxyanions in 
aquatic systems. Arsemc is found m two oxidation states: the arsenate form (As V) 

and the arsenrte form (As m) The arsenate form tends to predominate m oxygenated 

water and the arsenite form tends to occur under mild reducing conditions (Faust and 

Aly, 1981) Tn the arsenate form, A&:-, it behaves m a manner somewhat similar to 

phosphate It is  the more reactive oxidation state and is more kkely to be adsorbed to 

sediment materials In the arsenite form, A s 0  3-, undissociated H AS0 predom- 

inates at normal p H  levels This tends to be less reactive than the arsenate form and 

is less readdy adsorbed on the sediments Nonetheless, arsenite has been reported to  

adsorb onto amorphous iron and aluminum hydroxides (Prerce and Moore, February 

1980) Therefore, a degree of arsenic incorporatmn mthm sediments is posslble 
regardless of oxldation state 

3 3 3  

Although it caa occur in the elemental form, selenium is commonly found in the 

selenite form (Se M or the selenate form (Se Va Both forms are present in solution 
I -2 

as the oxyanions that may adsorb to metal oxlde surfaces These oxyanions, SeO 
and Se04 , correspond to selenite and selenate respectively The selenite form tends 
to predominate under the moderately oxi&zmg conditions found in waters that contaln 

oxygen, and the selenate form tends to be favored by more alkahne or more oxidxnng 
conditions (Faust and Aly, 1981) 
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TABLE 1 
P 
k 
4 

Metal - 
Arsenic 

Barium 

Cadmium 

Chromium 

c 
Lead 

Mercury 

Selenium 

SPECIATION OF METALS REGULATED AS 
PRIMARY DRINKING WATER STANDARDS 

(adapted from O'Coxmcw, 1974) 

PRncipal Aqueous Forms 

A ~ o ~ - ~  (AS m, arsenite 

A ~ o ~ - ~  (AS v), arsenate 

(Baa 

Cd"2 (CdII) 

~ r + ~  ( c r m  

Cr04-' ( C r m ,  chromate 

Cr207 (Cr VI), dichromate 

Pb" (Pb n) 

-2 

Hg+2 (Hg II), mercuric 

HgZ (Hg I), mercurous 

CH3Hg , (HglI) methyl mercury 

(CH3IZHg, (Hgm dimethyl mercury 

Hg (O), elemental mercury 

+2 

+ 

Se03-2 (se M, selenite 

Se04 -2 (Se VI), selenate 

Silver Agf (Ag D 
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Two tranation metals, cadmium and sllver, and a non-traxmtion metal, lead, are 
typically found ua only one oxtdatlon state. Lead and cadmium generally occur as 

&valent c a t i o ~  (+II oridation state) and sllver as a monovalent cation (+I oxldation 

state) These metal species can react w i t h  a v&etp of orgaruc and inorgmc lrgands 

to form soluble complexes fn addition, they can precipitate as hydroxldes, oxides, or 
carbonates over a mde range of conditions and cam precipitate as sulfides uade 

reducing condrtions. 

r 
L 

Mercury iS a traasttion metal that can exrst in a variety of oxidation states. 

Dependmg on the oxidizing condibons, mercury can occur in the m e r m c  form (+lI 
oxrdation state), the mercurous form (+I oxidation state), or in the elemental form. 
The solubility of  mercury is generally governed by precipitation of the mercumc form 

or reduction to the elemental state. The mercuric form can precipitate as hydroxides 

or oludes under alkahne condikons and can precipitate as a sulfide under reducing 

con&tions (Faust and My, 1981) In addition, biological methylation processes can 

result in the formation of methyl and dimethyl mercury Although these farms can be 
absorbed by aquatic orgaxusms and accumulate through the food cham to levels of 

concern, they are typically not stable in the water column and represent only a small 

fraction of the mercury compounds found m water (NAS, 1977) Although not as 

mdely stucbed, it should be noted that bacterial methylabon reactrons can also occur 

for other metals, icludmg arsemc, lead, and selenium (Forstner and Wittmann, 1983). 

f 

\ 

Chromium is a transition metal  that can be found in the +Et and +VI orndation states in 

natural waters Under reducing conditions, the +Et oxidation state can be formed and 

precipitates as a hydroxlde Under more oxidlzed conditions, chromium can occur in 
the +VI oxldation state as either chromate or &chromate (CrzO,-$ and 

behaves as an amon As such, chromate tends to behave as a hgand that exhibits 
adsorpbon behavior slmilar to other tetraoxo anions such as phosphate, and is capable 

of adsorption onto metal oxlde surfaces (Mayer and Schick, 1981) Evaluations of 
trace metal contents of won and manganese oxide coatlngs in stream sediments have 

demonstrated that chromium can be associated with these surfaces (Forstner and 
Wittmann, 1983) 
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Chemical Mechanisms that Influence the  Fate o f  Metals in Lakes and Reservoirs 

Cychng of  metals within a reservoir can b e  srgnificantly affected by a variety o f  
chemical reactions Chemical conditions determlne whether metals will  be  removed 

from solution by formation o f  precipitates or  adsorption to  particulate matter,  or be 

mobilized into the water column by solubilization reactions A number o f  mechanisms 

are involved in these general chemical phenomena. 

1 

f 

Adsorption t o  Iron/Manganese Oxide Surfaces mthin the Sediments - Iron 
and manganese oxrdes form coatings on clay particles that  are highly 

reactive with respect t o  metals These coatmgs can play an important role 

in determining the metal  fluxes within an aquatic system Under oxlc 

con&tions, iron and manganese exlst rn the more oxidized Fe (m) and Mn 

(IV) oxidation states These oxidation states are relatively insoluble and 

form precipitates which coat  clay particles Under these conditions, it is 

possrble for metals to  b e  adsorbed by these surfaces In many aquatic 

systems, a subsequent change t o  anoxic conditions as a result o f  depletion 

of dissolved oxygen concentrations withm a hypolimnion layer can occur as 

biological productivity increases within a lake This condition results in 

reduction of the iron and manganese species to  the less soluble Fe (II) and 

Mn (II) oxidation states, resulting 1p a dissolution o f  the coatings Under 

such conditions, it is possible to  release the adsorbed metals to the 

overlymg water column (Forstner and Wittmann, 1983) 

2 Association m t h  Organic Material within the Sediments - Organic material 

can play a srgnificant role in binding of metals to  sediment materials 

through sorption processes In general, it is the less soluble humic 

materials that are associated with sediments Degradation of humic 

materials results in the formation o f  progressively lower molecular weight 

fulmc acids which are highly soluble This degradation may have the effect 

o f  increasing mobilization o f  metals from the sediment as a result of 

reactions which can subsequently occur between this soluble fulvic fraction 

and metals (Forstner and Wittmann, 1983) 

Another mechanism whereby metals can become associated with organic 

material in the sediments is through incorporation into biological materials . 
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w k c h  subsequently deposlt in the sedpnent (Forstner and Wittmann, 1983) 

In the case of these matenals, it is possble that the release of metals may 

be encouraged by oxidizing conhtions, As an example, Lu and Chen (1977) 

investigated a sediment that was polluted by wastewater discharges into 
Los Angeles Harbor They concluded that metals release under aerobic 
cond~tions was partrally attmbuted to oxldatlon of the organrc matenal 

3. Precipitation or Co-Precipitation wlth Carbonates - Most metal cations 

react with carbonate to form a precipitate under proper condihons Even 

where condrtions do not favor farmation of a specific metal carbonate 

precipitate, co-precipitatron mth calcium carbonate has been demon- 

strated (Forstner and Wittmann, 1983) Diswhtion and mobilization of 

these metals is favored by condrtions of decreasing p H  

4 Precipitation and Co-Precipitation mth Metal  Sulfides - Under sufficiently 

anoxfc conditions, sulfide is the predominant sulfur species When present, 
sulfide precipitates and co-precipttates can have a mgmficant impact on 
the incorporation of metals into the sediments Sulfide precipitates tend 
to be stable over a relatively mde range of pH, with some tendency for 

release as pH is diminished Release of metals to the water column can be 
effected by the onset of oxic conditions which result in the ondation of 

sulfides and a subsequent dissolutmn of the precipitate (tu and Chen, 

1977) 

5 Other Mechanisms - Other mechanisms include the formation of precip- 

itates and co-precipitates with anions other than carbanate and sulfide 

These mclude the formation of oxldes, hydrondes, silicates, and 

phosphates Ion exchange or adsorption directly onto clay particles 

represents another posslble means for incorporation of metals into the 

sediments However, thm is not thought to be a srgnificaat mechanism 

relative to adsorption on organic or iron/manganese oxlde surface coatings. 

The primary function of the clay materials relative to adsorpbon of metals 

is thought to be as a substrate for surface coatings which tend to be more 

active in immobilizing metals (Forstner and Wittmann, 1983) 
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Release of Metals from Sediments 

Release of  metals from sediments into the water column can represent an important 
component of the overall input of metals within a lake These releases involve two 

separate arrays of processes (1) release of metals to sedment pore water, and, (2) 

transport from pore water to the water column 

1 Mechanisms for Release of  Metals to Sediment Pore Water 

Conditions whch result rp the release of a metal into sediment pore water 

depend on the mechanism whereby it is associated with the sehment For 

example, in the case of metal sulfides, a change from anoxrc to OXIC conditions 

results in the release of metals through the oxidation of sulfides On the other 

hand, metals associated with iron/manganese oxrde coatings will  be  released into 

solution through a change from oxic to anoxic conditions as a result of  formation 

of more soluble, reduced forms of  iron and manganese In general, mobihzation 

o f  metals from sediments into pore waters have been associated wlth the 

following factors (Forstner and Wittmann, 1983) 

a. Changes in Redox Conditions - These can occur as a result of 

increased biolojgcal productivity in a lake, a condition which results 

in shifts to less oxic conditions in the hypohmmon layer of lakes The 

subsequent reduction of iron and manganese oxldes and hydroxldes 

can result in the release of associated metals into the pore water 

b Decrease in Hypohmnetic p H  - This decrease is generally associated 

with the biolojgcal degradation of  organic material in the sediments 

and is related to increased biological productivrty withm a lake This 

activity results in the release of  carbonic acid (carbon dioxide) into 

the hypohmnion, thereby decreasing the pH As the pH is decreased, 

metals tend to desorb from metal oxide surfaces and metal precip- 

itates such as carbonates and hydroxides tend to hssolve 

c Increases in Complexing Agents - These can include synthetic 

materials, which might be introduced by wastewater discharges, and 
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naturally occurrrng materials such a8 fulvic acids The formation of 

complegng agents as a result of intensive decomposition of orgamc 

matter has been cited as a putemtial cause for increased mobilization 

of metah from some sediments. 

d. Biologxal Transformation Processes - Metals may be transferred 

from sediment to plant or animal orgamsms and ultimately find their 

way mto the water column as a result of subsequent biological 

degradabon processes 

e. Reduction by Orgamc Humic Materials - Naturally occvnng organic 

substances, espectally those cuntabmg hydroxyl a d  carboxylic 

functional groups, are capable of reducing Fe 0 and Mn frv) 

z Transport from Pore Water to  the Water Column 

Follomng mobilrzation into the pore waters, the actual process of release from 
the sediments to the overlying water column usually involves a number of steps. 

The metals must be transported from the pore water to the surface of the 

sediment to be released. In many cases, concentration gradients and layers will 

develop withrn a sediment as a result of varxabons in chemical conditions If the 

o v e r l m  water contaxns oxygen, degradation of detrital material and chemical 

oxldauon reactions deplete oxygen with depth into the sediment A gra&ent of 

decreaslng redox potential mth depth is a result Under these conditions, iron 

and manganese may be released under the reducing con&tions found deeper 

withla the sediments and migrate upwards until they reach a redox boundary 

where oxidaaon occurs and the formation of sohd hydroxlde precipitates takes 

place Because manganese is more difficult to oxidrze, it tends to migrate closer 

to sediment surface than does iron (Forstner and Wittmann, 1983) 

Other metals can be released as a result of the drssolution of manganese and iron 

oxide films within the deeper portions of the sediment These may migrate 

upward and subsequently be immobilized through adsorption to the iron and 

manganese oxrde layers which re-form at the respective redox boundaries 
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Immobilization through other processes is also possible For example, cdcu- 

lations o f  the solubility of  a number of  metals in the presence of sulfide ions 

suggest that precipitation as metal sulfides can occur under anox~c  conhtions 

even in the presence of very small quantities of sulfide However, this seems to 

contradict many observations relative to metal concentrations m pore solubons 

where large dmergences from sulfide solubility relationships have been observed 

It has been suggested that the formation of complexes, includmg organometal 

complexes, may play a role in mwntrumng these metals in solution under these 

conditions (Forstner and Wittmann, 1983) 

Under conditions of decreased oxygen concentration in the overlylng water, 

migration of metals may progress closer to the surface of the sediment layer 

thereby increaslng the hkehhood of release Within a high porosity sedment 

layer, a characteristic typical of the upper part of a freshly deposited se&ment, 

hffusion o f  dmsolved materials readily occurs Exchange with the water column 

leads to transport of dissolved species vertically through the sedment over a 

distance which can extend for approximately 30 centimeters into the sediment 

layer Factors which contribute to exchange with the overlying water include 

diffusion, turbulent exchange, release of  gases by microcrobial activity, and 

activity of higher order biota Diffuslon is less important than the other factors 

in shallow waters and gains in importance as water depth over the sediment 

increases With respect to  turbulent exchange, suspension of sediment by intense 

storms and by boating activity can have a sgnificant impact (Forstner and 

Wittmann, 1983) 

The extent of  release to the overlying water column is frequently controlled by 

conditions within the interface region or microzone at the surface of the 

sediment This microzone is a region in which a transition occurs between 

conditions in the water column and conditions within the sediments Because a 

large concentration of detrital material and active biota tend to occur at this 

interface, it typically is a highly active region where changes in chemical 

environment occur rapidly with depth Of particular slgmficance is the depth of 

oxygen penetration into the microzone This is governed by the activity within 

the microzone and the oxygen content of the overlying water Even when the 

oxygen content IS relatively high, penetration IS generally limited to a f e w  

centimeters However, this may be sufficient t o  provide an oxidized barrier to 
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the transport of reduced compounds which migrate upward from lower m the 

sedrments, and a hfference m penetration o f  a few millimeters may be 

sufficient to impact the degree to which release to overlprrrs w a t e r  mll be 
restricted (Wetzel, 1983) 

Although redox potenbal IS relatively mehsit ive to changes t p  oxygen content as 

long as some oxygen 1s present (Stumm and Morgan, 1981)? it is important to note 

that the redox conditions mthin a sediment can be slgnificautly impacted by 
changes in dissolved oxygen concentraaons UL the overlpms water The major 
slgnrficance of oxygen content of the overlying water is its impact on the 

penetratron of oxygen into the microzone. Once the depth of orcygen depletion 

mthm the sedrment IS reached, more severe reducing cowlitions can then be 
estabbshed at the correspombg depth As thre depth of penetratxm approacks 

the surface, there IS an lncreased bkehhood for the i~~troduction of reduced 
speaes  and associated compoupds into the water column. Although some species 
are re-omdrzed mthm the water column when oxygen is present, &era may 
exist for extended periods of time m a reduced condition 

As the &solved oxygen concentration m a i n  the water column IS reduced, a 
contmuum of changes takes place wrth a progresswe increase III the number of 
compounds that are reduced and released into the water column. In the case of 
metals, manganese is reduced first and u followed by iron (Forstnet and 
Wittmann, 1983) 

Because phosphate can be bound won precipitates, iron- release can be 

accomparued by a release of phosphate into the hypohmnetic water (Wetzel, 

1983) The importance of this release relative t o  mternal nutment loadmg to the 

lake as a whole is dependent on the extent to whach phosphorus re-precipitates 
with won when the lower portion of  a lake is re-oxygenated during turnover If 
phosphate is rapidly re-precipitated upon iron oxrdatron f o l l o n g  turnover, its 
impact on the trophic conditions may be attenuated However, under severely 

reducing conditions, sulfate is reduced to sulfide, a species that can bind the 
reduced ferrous form of won in the sediments, malung it unavailable for 

precipitation reacbons in the water column and a long-term phosphate release 
can occur It is also possible for iron to be made unavadable fop reprecipitation 

of phosphate as a result of the formation of complexes with a variety of 



RESULTS FROM THE STANDLEY LAKE WATER QU- PROGRAM 

Sampltnn and Analytical Program 

Analyses were  performed to determlne acid extractable metals M the lake rnflow aad 

outflow, and soluble metal concentrations were analyzed for ~ampl- in the outflow 

from the lake The soluble metal data are intended to promde a m e m e  of metah 

that are solubihzed within the lake and also g v e  an idcat ion of the fract~on of the 
total metal that has the greatest potential for p d n g  through the water treatment 
processes The data for a a d  extraction promdes an estimate of the total quantity of 

the metal be- analyzed Thm method was selected over more extensloe approaches 

for dqestion because of simplicity. 

A apficant conslderatian tn the evaluation of metal cycles unthin the lake IS the 

access to a relatively large hmtorical data base for acid extractable iron and 

manganese in the raw water to the Semper Water Treatment Plant of the City of 

Westmrnster Because tron and manganese cycles are important features with respect 

to the fate of other metals, this data base can be used to promde a general 

characterizabon of metal chemistry mthin the lake The data base for the other 

metals consldeted in &IS study is smaller and the concentrations are closer to 
detection limits In this regard, the iron and manganese cycles provide useful 

information which can be used as supplemental information for assessing the 

slgnificance of trends observed far the other metals 

Metals data from the Standley Lake water quahty study were obtamed from sample 

locations as shown on Figure 1 SampIe locations cap be categmzed as follows 

1 Clear Creek Sample Points - These sample points are located in Clear Creek at 

the headgates of the respective diversion points from Clear Creek to Standley 

Lake Locations were selected to promde a barns for assessing potential inflow 

quality to Standley Lake 

a. Church Ditch - Th~s point is located west and upstream of the City of 
Golden 





c 

. 

F 

c 

t. 

b Farmers Highhne Canal - Tlus pomt IS located mthm the City of Golden 

and IS upstream of the dscharge from the Coors/Golden Wastewater 

Treatment Plant 

c Croke Canal - "Ma pomt is located on the eastern penphery of the City of 
Golden It is downstream of the discharge from the Coors/Golden 
Wastewater Treatment Plant and IS susceptible to impacts from this 
&charge 

2. Wastewater Effluents - Because of concerns for potential impacts arising from 
different opkons fot diversion to Standley Lake, the discharge from the 
Coors/Golden Wastewater Treatment Plant was sampled. As presently sbpdated 

under the existing NPDES permit, the Coors/Golden Wastewater Treatment 

Plant is allowed to discharge up to 7 rngd of c o m b e d  industrial and murumpal 

wastewater to Clear Creek at a point upstream of the headgate to the Croke 

Canal. At present, the average flow rate for this discharge IS generally in the 

range of 3.6 mgd. 

The Coon Brewery Wastewater Treatment Plant can discharge at two locations' 

directly to the Croke Canal, and to Clear Creek at a point downstream from the 

headgate to the Croke Canal Generally, the &scharge to the Croke Canal has 
occurred from November to March in order to satisfy water rights This 

&charge w a s  substantially reduced rn 1982 d Qd not occur at all during 1983. 

Therefore, no direct influence on Standley Lake occurred during the study 

period. At present, the average flow rate for the discharge is approlumately 4 6 
mgd, and a flow of 7 2 mgd fs allowed under the present permit 

3 Standley Lake Outflow Sample Polnt - T ~ I S  sample pant  is located UI the raw 

water pipehne at the City of Westmmster's Semper Water Treatment Plant The 

raw water IS mthdrawn dvectly from Standley Lake at the outlet structure, with 

ports located at levels vaqnng from 10 0 to 20 5 feet from the bottom of the 

lake Because the maximum water depth of the lake is 96 0 feet, water quahty 

in the outflow correlates to quahty within the lower strata of the lake Finished 
water samples are also collected at the plant to give an indication of the extent 

of metal removal during water treatment 



General Water Quality Trends 

Like many lakes and reservoirs, Standley Lake undergoes seasonal cycles that have a 
sgnificant impact on the overall water quality In addition, the lake appears to be  

impacted by a short-circmt condition that can result in a relatively rapid response of 

outflow characteristics to lake inflow conditions This is suggested by the case of  

turbi&ty in Figure 2 for a condxtion where a high turbidity inflow was admitted to the 

lake on June 21 and a relatively direct response w a s  observed m the outflow 20 days 

later Short-cucmting is further suggested by the relatively close proxlmtty of  the 

major portion of  the lake inflow to the outflow, and by the fact that such occurrences 

are common 1p reservovs where outflow is mthdrawn near the reservoir bottom 

(Sartoris et al , 1981) 

In general, seasonal cycles are characterized by periods of stratification during the 

summer A posslbihty also exists for stratification during periods of ice cover in the 

winter These periods are separated by intervenulg periods of mixing during the sprlng 

and fall During stratification in the summer, a warmer, less dense upper strata or 

epilimnion (defined as the upper level UI a stratified lake) overlies a colder 

f hypohmnion (defined as the lower level of a stratified lake) These are separated by a 
-. thermocline region where temperature changes rapidly with depth As mll be 

discussed further in this memorandum, under some conditions, a degree of instability 

appears t o  occur relative to the thermochne during periods of stratification 

As air temperatures and solar radxation begin to decrease during the late summer and 

into the fall, the temperature of the epilimnion drops and begins to approach the 

temperature of  the hypolimnion The decrease in the difference in the densities of the 

two layers results in a less stable degree of stratification, and the input of energy 

from water currents and wind forces ultimately becomes adequate to mix the two 

strata This results in a "turnover" condition which marks the beginning of  a period 

during the fall when the lake is vertically mixed and water quality is generally uniform 

with depth 

Due to a characteristic that is unique to water, the highest density occurs at 4' C, and 

water at colder temperatures becomes progressively less dense untd it freezes at 

0' C Under winter conditions, t\e overall density gradient is frequently limited to a 

temperature range of 0 C to 4' C,  with warmer water tending to be located on the 0 
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bottom when the lake is stratified Because of the limited range of density 

differential, any condition of stratification is of necessity less stable than IS posslble 

during the summer When it occurs, stratification is generally restricted to penods of 
ice-cover when the lake would be insulated from wind forces Turnover generally 

occurs when the ice-cover beg= t o  break up in the late winter, and a mixed conQtlon 

continues untll the beginning of  the summer period of  stratification in late sprmg or 

early summer 

\ 

Annual temperature variations for lake surface and bottom locations are shown 1p 

Figure 3 for a sample point located in the vlcinity of  the lake outlet Thls sample 

point is located at a deepwater location that is adjacent to the dam and has a 
maxlmum depth of 70 to 75 feet Annual temperature cycles of the surface water 

exhibit a trend of  steady increase from late winter and early spring to a maximum 

temperature of 23 to 25' C in the period from July t o  August This is followed by a 
trend of decreasing temperature which extends through the fall and early wrnter 

Because of  concerns for safety to  personnel, samples are not collected during periods 

of ice-cover during the winter, and no data are avadable for this period 

The trends for bottom temperature are generally similar to those observed in the 

surface water However, during the period from May to September, the bottom 

temperatures are generally cooler, indxating the formation of separate thermal 

strata Stratification was confirmed during the summers of 1982 and 1983 by 

evaluations to  determine the existence of a region of  rapid temperature change with 

depth, a condition which suggests the existence of a thermocline Such evaluations 

were not performed during the summer of 1981, and other indicators such as dissolved 

oxygen, pH, and available temperature data must be used to assess the extent of 

stratification for this period 

The extent of  temperature difference is observed to be more pronounced during 1982 
and 1983 than in 1981 In contrast to the trends observed in 1982 and 1983, the bottom 

temperature approached the surface temperature during two periods during the 

summer of 1981 mid-July and mid-August A possible cause for the observed 

differences in temperature trends derives from the variations in lake operation for the 

respective years As shown in Figure 4, the lake w a s  filled in late June for each year 

and remained at a relatively constant level over the summer for the years of 1982 and 

1983 However, the water level w a s  significantly drawn down over the summer of  
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1981 Because of the location of the outlet near the bottom, an outflow of 
hypohmnehc water would result When replenlirhmsnt of the hypolimnion by the =flux 

of colder water from the lake rnflows 1s reduced or halted, a reduction rn the volume 
of hypolimnetx water c a ~  occur with contrnued outflow, resultmg 1p less stable 

stratification and pomble periods of upset occurring during the summer of 1981 

Sartorxs et al., (1981) have reported simdar phenomena for reservoirs with 
hypohmnetic points of outflow on the upper North matte River M Wyornmg In a 

omdar fashion, stratification dwng the less stable winter c d i t l o n  may also be 
dmrupted by this mode of withdrawal 

An important feature of  reservo= systems mth hypolimnetic withdrawal is the major 
advechve influence that denves from "short-cacuiting" associated with the resultant 
underflow pattern. This advecbon results 1p somewhat greater hypoltmnetic 

temperature than observed UI other b d e s  of w a t e r  and can create condibons of 

varying stability relative to stratification As such, conditions can vary slgruficsntly 

over different annual cycles depending on the mode of reservoir operation relative to 

inflows and outflows. 

Under conditions of  stratification, the hypohmxuon IS ansulated to a degree from =puts 

of chemical constituents from the epilimmon As a consequence of this i n d a b o n ,  

dwsolved oxygen is not readdy replenished within the hypohmmon and accumulations 

of detrital material can undergo biologtcal degradation processes that deplete the 
hypolimnetic dmsolved oxygen These processes also result in the release of carbonic 

acid whch lowers the hypolimnetic pH Impacts from these processes vary depending 

on the duration of  stratification, the extent of flushing of  hypolirnnetic water, and the 

quantity of biodegradable matend in the bottom debtus. Because much of the 

organic matter that enters lakes from external sources are generally not readily 

biodegradable (Wetzel, 19831, loadmgs of biodegradable material and associated 

hypohmnetic decreases in pH and dissolved oxygen can be strongly influenced by 
productivity withm a lake However, the influx of BOD, ammonia and other 

compounds subject to oxidation can have a significant impact in some cases 

The in-lake annual cycles for dissolved oxygen and pH at the sample location in the 

vlcimty of the outlet from the lake are shown m Figures 5 and 6 The trends for 
dissolved oxygen concentration at the surface exhibit a pattern of progresswe 

decrease as water temperature warms over the period from mnter to summer, 
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followed by a subsequent mcrease with coohng temperatures during the late summer 

and fall This pattern tends to follow the trend of  increased solubility of dissolved 

oxygen in water mth decreased temperature and is characteristic of lakes of moderate 

productivity (Wetzel, 1983) 

c 
L 

The dmolved oxygen concentration at the lake bottom tends to approach the 

concentration at the surface d u n q  the periods of  destratification 111 the spring and 

fall However, durlng the period of  stratification over the summer, the dissolved 

oxygen is slgnificantly depleted. Although this general trend occurs in each year o f  

study, some specific &fferences are noted for the respective years Dunng the 

summer of  1981, two episodes of sudden increase 111 bottom dmolved oxygen 

concentration are observed These episodes occurred durmg periods of mcrease in 

hypolimnetic water  temperature during July and August as has been premously 

dxscussed (see Figure 3), and gwe further mdxation of a possible lntruslon of 
epihmnetic water into the lower level of  the lake at these times 

Although the dissolved oxygen trends for the summers of 1982 and 1983 suggest a more 

stable condition o f  stratification for both years, the extent of  depletion of  bottom 

dlssolved oxygen in 1983 is reduced compared to 1982 An explanation for th~s 

difference derives from changes in lake inflow patterns observed for the respective 

years as shown in Tables 2 through 4 The maximum monthly inflow occurred durlng 

June in 1981 and 1982 as contrasted to the pattern in 1983, when the largest inflow 

occurred in July Because water temperatures in the inflows are generally less than 

the lake surface temperatures during the summer, this inflow pattern is hkely to have 

resulted in a relatively high influx of water into the hypohmmon during this period 

This would have resulted in a comparatively lower hypolimnetic temperature observed 

during the summer of 1983 (see Figure 31, and would have promded a potential for an 

advective source of dissolved oxygen to the hypolimnion Similar conditions have been 

noted by La Bounty, et a1 (December, 1980) for extended summer periods of mflow 

from high snowmelt for Tmn Lakes located on the upper Arkansas River watershed in 

Color ado 

e 

\ 

The trends for surface and bottom pH are shown in Figure 6 

is observed with the extensve reduction occurring only during the summer of  1982 
These results indicate that a sgnificant difference between surface and bottom pH 

also occurs only during the summer of 1982 Although the differences noted in these 

A lowering of bottom pH 
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pH trends gwe further mdication of the varlable nature of annual reservou cycles, 

there 1s a relatively consistent trend towards lower bottom pH during the Summer of 

each year 

Overall, the seasonal trends towards reduced levels of bottom pH and &ssolved oxygen 

have a slgnificant impact on chemical reactions which take place in the sedrments 

Depending on the severity of  these conditions, a variety of chemical constituents can 

be released from the sediments into the water column For example, solubihzation of 

won and manganese under these conditions has been mdely reported and has been a 
phenomenon of general interest to the water industry The associated solubikzations 

are attributed to conditions that result m chemical reduction reactions that convert 

iron (m) and manganese (IV) to less soluble iron (IO and manganese (n) respechvely 

The onset of reducing conditions is dependent on redox potential, a factor that is 

strongly influenced by the oxidizing capability of dissolved oxygen As the oxygen 
concentration dechnes within the water column adjacent a sediment, the depth of 

oxygen penetration into the sediments IS decreased, resulting in conditions more 

favorable to iron and manganese reduction reactions near the se&ment surface 

As discussed in prevlous sections, solubilization of  iron and manganese can have 

slgnificant drrect impacts or associations with the fate of other metals within an 

aquatic system Therefore, they offer an important indicator of chemical cycles 

Results from monitoring of acid extractable levels of iron and manganese are shown in 

Tables 5 and 6 In general, these data indicate a substantial decrease in the 

concentrations of  both metals between the respective diversion points on Clear Creek 

and the outflow from Standlep Lake The magnitude of difference suggests the 

probability of significant accumulation within the lake 

The general trend of iron inflow concentrations shows a pronounced peak in late 

spring, suggesting an association with high flows during the spring runoff period (see 

Table 15) This may occur as a result of suspension of particulates that accumulate on 

the stream bottom or that are suspended during overland flow An additional cause of 

increased levels may be increased leaching from areas impacted by mining The trend 

for manganese is not as pronounced However, slightly elevated levels are also noted 

during Iate spring and because of the greater quantity of  streamflow during this 

period, t h s  represents the period of greatest mass loading in the stream Both iron 
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and manganese showed a trend towards highest loadmgs during the mitial portion of 
the runoff period, suggestmg a "fiwt flush" type of impact followed by reduced levels 

HlstoricaUy, data for acid extractable =on and manganese have been obtamed by 
personnel at the Westmmster Semper Water Treatment Plant These are data which 

exlst in addition to those developed for thu study, and which permit longer term 
trends to be developed that characterize concentrations m the outflow from the lake. 

Generally, the trends of these data, as presented TZI Figures 7 and 8, show elevated 

levels of both won and manganese during the summer and early fall. 'In addition, 
manganese has periodically shown a tendency to become sllghtly elevated dunng the 

late mnter months, whereas the behaolor of iron over this period is somewhat erratic. 

The trend for soluble manganese as determrned in the water quitirty program is also 

shown in Figure 8 The trend for soluble manganese generally tends to correlate with 
that for total manganese over the period of study, and qnzficant levels of increase m 
soluble manganese parallel those for total manganese Conversely, the concentrations 

of soluble m n  are extremely low (generally less than 20 ug/l), and it appears that most 

of the iron in the w a t e r  column is present in particulate form 

Iron and manganese cycles mthm a lake are mfluenced by internal sources, as well as 

by loadmgs from lake inflows h cases where hypo11mnet.1~ oxygen IS sufficiently 

depleted, internal loadmgs of won and manganese can result from the formation of the 

more soluble, reduced forms o f  these metals The data for manganese strongly suggest 

a phenomenon of this type There is a generally progressrve mcrease in manganese 

concentrahon over the period of the summer that reaches a peak in early fall, 

followed by a precipitous decline which corresponds to a period of turnover and 

increased levels of oxygen and pH within the bottom water  of the lake This pattern, 

along vnth the high levels of soluble manganese observed durlng ths period, tends to 
support a hypothesis of solubikzation by reduction reactions. 

Generally, the hstorical data show a large peak during the summer months and a small 

peak during the winter months, suggesting a much lower level of release during the 

period of mnter stratification of the lake Wmter stratification of the lake probably 

occurs over a shorter duration, and cold w a t e r  temperatures would tend to reduce the 

level of biologuzal activity responsible for decreases of &solved oxygen and pH In 
addition, the less stable stratification typically associated with the winter period is 
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a 
more easily dmrupted. Because no lake samphng has been performed durlng the period 

of  ice cover, the degree to which stratification is disrupted by bottom withdrawal is 

U n k n O W n  

An association of manganese concentration with hypohmnetic oxygen depletion is 

further suggested by companng the annual trends As shown in Figure 8 ,  soluble 

manganese exhlbits much lower concentrations during the summer of  1983 than during 

the summer of 1981 In a similar fashion, a substantially lower level of acld 

extractable manganese is observed in the historical data in 1983 Comparison of the 

dissolved oxygen data for these two periods (Figure 5) indicates that the period of  

hypohmnetic oxygen depletion extended over a much greater period of time during 

1981, and that the oxygen concentration decreased to a lower level Although the 

peak of the soluble manganese concentration occurs prior to the minimum oxygen level 

for 1983, the acid extractable manganese data suggests continued release untll the 

minimum oxygen level is reached The possibility for release from sediments over this 

period followed by subsequent re-precipitation of  manganese within the water column 

is suggested by decreased solubility that would be associated m t h  the increase in pH 

within the water column pnor to the occurrence of minimum oxygen levels The 
formation of manganese carbonate precipitate is an example of such a pH dependent 

reaction that can be  important to manganese chemistry (Hoffman and Eisenrich, 1981) 

Although iron generally tends to elevate during the summer period, neither the pattern 

of its release or the findmg of  extremely low soluble levels support a hypothesis of  

significant release from the sediment In some cases, a maximum iron concentration 

occurs during the early part of the summer, and no subsequent trend of progresslve 

increase IS observed This results in a peaking of iron concentration prior to a peaking 

of manganese concentration However, if solubilization from the sediments w a s  

responslble for release of  both of these metals, a peak manganese concentration would 

be anticipated to occur first, since manganese tends to be reduced and solubihzed 

first 

Because soluble iron does not occur at slgnificant levels, the possibility of an 

association with particles within the water column was explored To determine the 

extent to which patterns of iron concentrations correlate with fluxes of particulate 

matter within the reservoir, the trend of acid extractable iron concentration is 
compared to the turbidity trend for the raw water at the Semper Water Treatment 
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Plant rn Figure 6 As shown rn this figure, the pattern of  won concentration tends to 

closely parallel the pattern for variations rn paw water turbihty The extent to whtch 

the respectrve trends parallel one another is clear from this plot, and a strmg 

relationslp between solids and iron fluxes can be inferred. The high iron and turbidity 

levels measured during the summer period are probably due to the large mflux of 

partxulate matter w b c h  occurs during the runoff period of May a d  June, and which 

can extend further mto the summer as 1p 1983. Additional lodmgs may occur a8 a 
result of suspensron o f  sediments in shallower portions o f  the lake due to wind action 

and as a result of boating actmty 

The patterns for acid extractable =on and manganese within the lake ware fur- 

characterized by analyses performed for hf ferent  lake depths, These data were 

obtamed over the period from September to November of 1982 and 1983 at the sample 

point adjacent to the lake outlet (Figures 9 through 13), and provide a b a s s  €or 
evaluating the vertical drstributrons of these metals for the lake turnover period. 

Bottom &ssolved oxygen concentrabon IS shown on Figures 9 through i2 to generally 

characterize the extent to whach the bottom of the lake is oxygenated The sudden 

increase 1p dissolved oxygen concentration in late September and early OcWver 

indxates that as the time of lake turnover for both 1982 and 1983. The trends €or 

both iron and manganese show higher concentratrons prior to lake turnover, followxd 

by a general trend o f  decrease followmg turnover 

The general trends for iron and manganese are mmllar ur that concentration tends to 

increase m t h  depth and concentrations in the lower levels rue decreased following 

turnover However, there are specific differences relahve to the relatmndup between 
the bottom concentrations of these two metals and the bottom &ssolved oxygen 

concentrabon In Figures 9 and 10, the bottom manganese concentration is observed 
to specifically elevate when the dissolved oxygen concentration decreases and d e c h e  

as it increases No such direct relabonshrp for the bottom iron Concentration is 
observed in Figures 11 and 12 Therefore, the possbihty of an association of iron with 

the vertxal  distribution of turbiaty was examined An adequate quantity of turbidity 
data was available only for 1983, and these data are shown in Figure €3 As shown in 
thrs figure, the trends for vertical distribubon of  iron closely parallcl the trends for 
vertical dstribution of turbihty 
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Overall, the observations relative to vertical distribution of iron and manganese 

promde additional support to arguments that iron is related to turbidity and manganese 
is related to bottom &solved oxygen concentration. Based on these findings, the 

condition of the lake can be characterized as bemg moderately degraded with respect 
to reductions 1~ hypohmnetic hssolved oxygen and pH Con&tians are developed that 

are adequate for a degree of solubilization of manganese and compounds with which it 

may associate Further decreases 19 hypohmnetic &solved oxygen rn assotiation wi th  

further degradation of the lake could become sufficient to cause anoxic condttzons, a 

sltuation that is hkely to solubilize iron and compounds wtth which it might be 
associated. Since redox potentral tends to decrease mth U a c e  into the sediment, 

the less readily oxlQzed manganese tends to precipitate closer to the surface than iron 
as it migrates upward through the sediment. Because it occurs at a lower depth, the 

xron layer can act as a barner for upward migration of a number of  metals (Sartons et 

al., 1977, Cole, 1979) Therefore, a potentral for significant additional degradation 

may exrst 

In summary, the solubilization of won and manganese are of  concern because of the 

potentml for nuisance problems directly assoaated wlth these metals and the 

possibility for associated releases of other trace metals Depletion of hypohmnetic 

chssolved oxygen is a major contributmg factor to solubilizahon, and lowering of 

hypohmnetic pH may also be a factor Both phenomena are impacted by mternd lake 

productivity and the influx of oxygen demanding substances such as BOD and ammoma. 

Control of productxmty through the limitation of lnputs of nutrients and oxygen 

demanding substances should be implemented if further degrees of solubilrzation are to 
be avoided. 

Results From Analyses of Metals Regulated in the Pnmary Dnnlung Water Standards 

Analyses for metals included in the Primary Drmnlang Water Standards have been 

performed to assess the following lake inflow and outflow concentrations, potential 

contributions from the Coors Brewery and Coors/Golden wastewater  treatment plants, 

extent of removal by water treatment, and the trends for soluble metals in the lake 

outflow Results for acid extractable metals are summarized in Tables 7 through 14 

for sample locations shown on Figure 1 Sample points on Clear Creek are located at 
the headgates of the respective diversons These results generally characterize the 
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inflows to  Standley Lake, however, some change in concentration may occur withm the 

canal prior to entry into Standley Lake 

Potential impacts of the wastewater effluents from the Coors Brewery and 

Coors/Golden wastewater treatment plants were assessed as shown in Tables 7 through 

14 Based - on - these --- analpses, no slgnificant impactwould -- be anticipated - in terms of 
overall loadmg o f  acid extractable metall However, because this assessment is based 

on acid extractable concentrations, some &ffe_tences may be observed if more 
extensive dgestion teclunqges were usedfor evaluating total concentration% It should 
also be noted that addrtions or changes related to industrial facilities such as those 

which discharge to  the Coors/Golden wastewater system can effect large changes in 

effluent quahty These types o f  changes have already been observed for fluorides 

under other portions of the Standley Lake Water Quality Program 

In general, the metal concentrations in Cleat Creek exhibit seasonal trends that are 

characterized by elevated levels during periods of h g h  stream flow in the spring and 

summer Because the fate of metals can be influenced by patterns of sehmentation 

and resuspension withn a stream, scouring during high stream flow can be a factor 

which relates to elevated concentrations This flow condition also corresponds to  

increased overland runoff which results in increased levels of particulate matter that 

can be accumulated by overland flow, increased flushing of mining tunnels, and 

increased runoff from taihng piles and ponds Therefore, flow conditions can have a 

major impact on metal fluxes Monthly flow volumes for Clear Creek during the 1983 

water year are shown in Table 15 These data indicate a sharp increase in flow volume 

during May, followed by a peak in June Stream flow did not substantially decrease 

until September Complete monthly flows from October through December 1983 had 

not been compiled at the time of this report However, based on individual readings of 

gauge height, the stream flow was observed to generally decline towards the end of 

the year 

Because of a large snowpack, 1983 was an abnormal year for runoff from snowmelt and 

high stream flows extended further into the summer than is normal This may have 

had an influence on inflow metal concentrations Because higher flows result rn 

dilution as well as increased suspension of particulates, the direction of influence 

cannot be speculated 
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TABLE 15 

c 

MONTaLY PLOWS IN CUAR CREBg ABOVE GOLDEN 
(1983 Water Year) 

Month - 
October, 1982 

November, 1982 

December, 1982 

January, 1983 

February, 1983 

March, 1983 

A p d ,  1983 

May, 1983 

June, 1983 

August, 1983 

September, 1983 

Flow, Acre-Feet 

5,082 

3,830 

2,590 

2,460 

2,270 

3,350 

6,120 

22,370 

63,320 

28,750 

12,790 



In the case of silver, the limited avalability of data above the detection hmlt 

precludes any conclusions relative to trend However, some general trends tend to 

characterize the patterns followed by other metals at the Clear Creek sample stations 

over the study period With the exception of  selemum, cadmium and chromium, the 

concentrations are greatest during May and June This period corresponds to the 

begmning of  runoff, and the resultant initial scouring and increased exposure to mining 

leachate may be responsible for the high concentrations Barium, mercury, lead, and 

chromium concentrations all tend to dechne in the fall as the stream flow decreased. 

Chromium concentrations did not peak until the period from July to October This 
suggests that chromium w a s  not as greatly influenced by mitial scoutlng as some of 

the other metals Selemum followed an mverse pattern relative to flow and became 

more concentrated as flow diminished Therefore, its inflow characteristics do not 

appear to be  related to those for the other metals The cadmium concentrations were 

near the detection limit and do not show a slgnificant degree o f  variation over the 

study period 

Lake outflow concentrations for barium tended to directly parallel the lake inflow 

(Clear Creek sample locations) concentrations over the study period, suggesting that 

< outflow barium cycles were strongly influenced by inflow patterns The direct 

response of  the outflow probably derives from a strong short-circuiting pattern of 

inflow to the outlet Mercury cycles appeared to follow the same patterns as barium, 

however, concentrations were generally close or below the detection limit and firm 

concluslons for patterns cannot be formed Chromium concentrations appeared to be 

shghtly influenced by inflow patterns However, the outflow concentrations were 

greatly reduced from those observed in the inflow, suggesting a high degree of 

accumulation within the lake Outflow concentrations of arsenic, cadmium, and lead, 

all exhibit cycles that suggest little direct influence from inflow patterns The data 

for lead and cadmium are generally near the detection limit However, a consistent 

reduction of  the concentration of  these metals is observed to occur from inflow to 

outflow, and suggests a general trend of accumulation within the lake as a cause for 

the difference between inflow and outflow patterns Although arsenic accumulation 

within the lake is suggested by comparison of the overall average inflow concentration 

to the average outflow concentration, the trends are not consistent and additional data 

would be desirable to provide a more extensive basis for comparison As will be 
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dtscussed below, the dtfficulty associated with making ths comparison may partially 

denve from an apparent internal lake source for arsemc during late summer 

In adhtion to outflow samples obtamed from the raw water at the Semper Water 
Treatment Plant, finished water samples w e r e  obtained to evaluate the extent of 
metal removai by water treatment and to assess the concentrations m the flnrshed 

water As can be  seen from these data, the extents of  removal tend to be highly 

variable This is as would be expected smce many factors can usfluence metal 

removals in water treatment, inclwhng pH, type of  coagulant, coagulant dose, and the 

amount of  turbidtty present (U S EPA, 1977). 

P o t e n t d  problems relatme to drinking w a t e r  standards in the fsIushed water were 

noted mth respect to mercury and selenrum Ln tbe case of mercury (Table 121, one 
frnished water  sample exceeded the Mdung water standard of  2 ug/l, and three r a w  
water samples were sufficiently m excess of  the standard to r e q w e  dgruficant 

removal across the w a t e r  plant This appears to be a seasonal problem whch may be 

controllable at present However, the con&tion should not be permitted to detetrorate 

further Concern should be dwected towards possrble mflows to the lake and releases 
from sehments 

Selenium analyses indtcate finished water concentrations which vaned up to the 

dnnlung water standard o f  10 ug/l Little removal across the plant was observed for 

the study period, an observation which conforms to results reported by U S. EPA 
(1977) Based on these observabons, increased selenrum loadings should be avoided 

Variations in soluble concentrations m the lake outflow are shown m Figurer 14 

through 18 for metals for which there are sufficlent data for showing some trends 

(arsenic, barium, chromium, lead, and mercury) Data are shown for two periods of 

study as indicated on these figures Concentrations below the mirumurn detecbon 

limits result in a number of breaks m trends within the indicated study perzods Trends 
for soluble manganese are also shown on these figures to provide a basis for assesslng 

the extent to which the respective solubilization patterns tend to be associated mth 

manganese solubilization and associated periods of low dissolved oxygen 

As previously discussed, it should be noted that the high manganese concentration 

shown in January, 1982 IS probably not representative of the soluble manganese level 
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for this period Results for acid extractable manganese over this period yleld 

concentrations that are generally half the soluble concentration of 500 ug/l 

Therefore, a much lower extent of solubdizattion is likely for this period. 

Of the metals shown m these figures, soluble arseplc showed a strong tendency to 

elevate durlng the summer of  1981 over the period correspondmg to the greatest 
degree of manganese solubilizatron and it is noted that this period corresponded to the 

I g h e s t  levels measured for h a d  and chromium The potential association of soluble 

arsemc mth manganese tends to be confirmed by its reappearance in the summer of 

1983 at a time coincident with manganese solubilization. It is also noted that the add 
extractable arsenic concentration 1s observed to peak at this time as opposed to the 
time of  peak inflow, suggesting an overall loadmg to the lake from an lnternal source. 

No slgnificance is attached to the failure of arsenic to elevate coincident with 

measured manganese during the unnter of 1982 because of the suspected lower extent 
of manganese solubilization for this period. 

Although soluble concentrations of lead and chromium never reoccur to a sufficient 

degree to  confirm a posslble association with manganese, they have been associated in 
the hterature with iron/manganese oxides (Lion et al 1982, Leland and Shimp, 1973, 

Banjamin, 1983, and Forstner and Wittmann, 1983), and a possible association in 
Standley Lake cannot be precluded They were not as strongly solubilized as arsemc in 
1981, and it is possrble that the subsequent periods of  manganese solubilization were 

not sufficiently extreme to result in measurable releases It is also possible that they 

could be  precipitated or readsorbed by particles suspended in the water column and be 

incorporated within the non-soluble fraction For example, the data for acid 

extractable lead in the outflow shows increased concentrations for period of  late 
summer of 1983, a time corresponding to manganese solubilization. Conversely, the 

data for acid extractable chromium do not suggest any association with manganese 
solubilization for thls perrod, and the extent to which more extreme conditions might 

be significant relabve to chromium solubihzation is not known 

Trends for soluble barium or mercury provide a contrast to those for arsenic, lead and 

chromium They do not show any tendency to associate w i t h  manganese solubilization, 

and as has been hscussed premously, these metals appear to cycle primarily rn 
response to inflow patterns However, because of present seasonal elevations of 

mercury and unknowns relative to the extent to which release of metals might 



CONCLUSIONS 

f 
L 

The lake presently appears to be rn a moderately degraded state relative to expoave 
to metals regulated by the prrmary standards ln the Safe D-g Water Act  Inputs 

of metals are observed to occur, and it appears that the lake can act as sink for 

selected metals At present, a release of manganese is observed to occur UL 

associatian with penods of low hypohmnetx dsssolved oxygen during the summer. 

With  respect to  the trace metals regulated under the USEPA pnmarg *g water 

standards, the trends observed for arsemc suggest an association with  the release o f  

manganese. Evldence for associations wlth chromium and lead is less fixm 
Nonetheless, an association appears to be possible All of tBe mformabon developed 

for ths study suggests that iron is associated with particulate content and that 

conditions which would promote won solubihzaaon may not presently exlst This gzves 

cause for concern relative to implication for additronal release of metals associated 

with won 1p the sediments upon further depletion of hypobmnetic dissolved oxygen 
withur the lake Because condrtions mthin the hypolrrnnion can approach anoxla, 

factors whch might cause further depletion of dissolved oxygen are of specific 

concern mth respect to additional manganese release, uutiation of  won release, and 

additional release of trace metals that may be associated with iron and manganese 

With respect to &inlung water standards, analyses of finished water mdlcate that 

present problems may peridcafly exist relative to meetmg standards for mercury and 

selenium Tn addition, trends for soluble metals suggest a potential problem with 

arsemc and, to a lesser extent, lead Depending on the extent of accumulation in the 

lake sediment, further degradation has the potential for increasmg these problems As 
a consequence of this and concern for sgnificantly increased releases that could be 

associated mth  iron solubilization, it is recommended &at further depletion of oxygen 

in the lower level of lake be minimized until a more definitive estimate can be made 

of overall impacts To avoid further degradation, this will  require control of nutrient 

loadings to manage in-lake productivity and hmitatton of the input of oxygen 

demanding substances Several m-lake treatment options might be considered, 

however, thew effectiveness and subsequent extent of  exposure to other quality 

problems 1s not known Therefore, they represent a less desireable alternative 

At present, it does not appear that either the Coors Brewery or the Coors/Golden 

Wastewater Treatment Plant represent a mgnihcant source of the acld extractable 
I 
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fraction of  metals under evaluation rn this study However, the use of more complete 

digestion techniques for the analytical work may result in a different conclusion o f  

overall significance In addition, exposure o f  the Coors/Golden Wastewater Treatment 

Plant to wastes from a large industrial complex raises concern for sudden changes in 
quahty that can be associated with modifications or adhtions to facihties 
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